The family 'Paenibacillaceae' currently contains eight genera of Gram-positive, -variable or -negative sporulating bacilli. The description of the most recently described genus of the family, Cohnella (Kämpfer et al., 2006) , was based on its phylogenetic relationship with respect to the remaining genera of the family as well as on its polar lipid profile. Some species of this family, mainly belonging to the genus Paenibacillus, have been isolated from the plant rhizosphere, but only Paenibacillus polymyxa has been reported as a plant endophyte (Cho et al., 2006) . In the present work, we describe the isolation and identification of a novel bacterium isolated from apoplastic sap of sugar cane (Saccharum officinarum) in Granada (Spain).
For the isolation of strain GR21 T , stem pieces were washed with sterile tap water and soaked in 5 % chloramine T solution for 2 min. After removal of the rind with a sterile sharp knife, the cylinder of parenchyma tissue was rinsed with 70 % ethanol and flame-sterilized. Apoplastic sap from the internodes was collected by centrifugation according to Dong et al. (1994) , and serial dilutions were streaked on tryptone soybean agar (TSA) and incubated at 30 u C for 7-10 days. After flaming, no contamination was observed when several stem pieces were incubated on TSA plates.
Strain GR21
T was grown on nutrient agar for 48 h at 22 u C to check for motility by phase-contrast microscopy using the hanging drop method. Gram staining was carried out by the procedure described by Doetsch (1981) . The flagellation type was determined by electron microscopy after 48 h incubation on nutrient agar at 22 u C. Cells were gently suspended in sterile water and then stained with 0.2 % uranyl acetate and examined at 80 kV with a Zeiss EM 209 transmission electron microscope. For scanning microscopy, cells were fixed overnight in phosphate buffer (pH 7.0) which contained 2 % paraformaldehyde and 0.2 % glutaraldehyde, dehydrated through a graded ethanol series, critical-point dried and sputter-coated with gold.
Samples were observed under a Zeiss DSM 490 electron microscope (Germany). Strain GR21
T was Gram-variable and motile by means of polar and subpolar flagella ( Supplementary Fig. S1 , available in IJSEM Online). Round, non-ornamented central or subterminal spores are formed in unswollen sporangia. In the genus Paenibacillus, the phylogenetically closest related genus of strain GR21
T (see below), the spores are commonly ornamented and are formed in swollen sporangia.
Amplification of the 16S rRNA gene and its sequencing was performed according to the method of Rivas et al. (2007) . A nearly complete 16S rRNA gene sequence was obtained and compared with those deposited in GenBank using the BLASTN (Altschul et al., 1990) and EzTaxon (Chun et al., 2007) programs. Sequences were aligned using the CLUSTAL_X software (Thompson et al., 1997) . Distances were calculated according to Kimura's two-parameter method (Kimura, 1980) . Phylogenetic trees were inferred using the neighbour-joining (Saitou & Nei, 1987) and minimum-evolution (Rzhetsky & Nei, 1992) methods. Bootstrap analysis was based on 1000 resamplings. The MEGA2 package (Kumar et al., 2001 ) was used for all analyses. Comparison of the nearly complete 16S rRNA gene sequence of strain GR21
T against sequences held in GenBank indicated that the organism is phylogenetically related to members of the family 'Paenibacillaceae', with Paenibacillus as the closest related genus (Fig. 1) . According to the results obtained with the EzTaxon program, the most closely related type strains of species of this genus with validly published names were those of Paenibacillus xylanilyticus, P. massiliensis, P. chitinolyticus and P. sepulcri, with identities ranging from 93.4 to 93.0 %. The BLASTN program showed similar results, but this comparison showed that the strain HR1, incorrectly named Paenibacillus xinjiangensis, a name that has already been validly published within the genus Paenibacillus, has 98 % similarity in its 16S rRNA gene with respect to strain GR21 T . Although strain HR1 could belong to the new genus described below, it was not included in this work because only its 16S rRNA gene sequence is currently known (nevertheless, this sequence was included in Supplementary  Fig. S2 to show the phylogenetic location of strain HR1). Fig. 1 shows the phylogenetic tree obtained with the neighbour-joining method (an expanded tree is shown in Supplementary Fig. S2 ). Similar results were obtained when the sequences were analysed using the minimum-evolution method (not shown). The phylogenetic analysis showed the and representative species of related genera from the family 'Paenibacillaceae' using the neighbour-joining method. The significance of each branch is indicated by a bootstrap percentage calculated for 1000 subsets. Bar, 2 substitutions per 100 nucleotide positions. An extended version of this tree is available as Supplementary Fig. S2 .
location of strain GR21
T on an independent branch clearly separated from all genera of the family 'Paenibacillaceae'. This result supports the classification of this strain in a new genus within this family, with the genus Paenibacillus as the closest related genus, the most closely related species of which is P. xylanilyticus, with 93.4 % similarity to the type strain. The genera Thermobacillus and Cohnella were the next most closely related genera, with a maximum of 89.8 and 90.2 % similarity, respectively.
Chemotaxonomic analyses were performed by the Identification Service of the DSMZ according to Tindall (1990) in the case of respiratory quinones and polar lipids and Kämpfer & Kroppenstedt (1996) in the case of fatty acids. To perform the analysis of peptidoglycan, whole cells of strain GR21
T were hydrolysed with HCl at 100 u C for 15 h. The hydrolysates were subjected to TLC on cellulose plates using the solvent system of Rhuland et al. (1955) .
As is found in the case of the genus Paenibacillus (Shida et al., 1997) , meso-diaminopimelic acid was detected in the peptidoglycan of strain GR21
T . No data on peptidoglycan composition have been reported for the remaining genera of the family 'Paenibacillaceae'. MK-7 was the predominant isoprenoid quinone found in strain GR21
T , and only a small amount of MK-6 was detected (1.5 %). An unidentified menaquinone was also found (2 %). Respiratory quinones have low resolution within the family 'Paenibacillaceae', since MK-7 is the major quinone in most members of the family. The presence of an unidentified quinone may be a differentiating character of the new genus, but this hypothesis should be confirmed when more species of this genus are described.
The major cellular fatty acid of the strain was anteiso-C 15 : 0 (45.2 %). C 16 : 0 represented 25.2 %, and other fatty acids were present in amounts of less than 10 % (Table 1) . Although anteiso-C 15 : 0 is the dominant cellular fatty acid in all members of the genus Paenibacillus (Shida et al., 1997) , the profile of strain GR21
T differs from those of members of the genus Paenibacillus in the amounts of the fatty acids C 14 : 0 and anteiso-C 17 : 0 . More differences were found in the case of the genus Cohnella (Kämpfer et al., 2006) and particularly in the case of the genus Thermobacillus (Touzel et al., 2000) .
Strain GR21
T displayed a lipid profile consisting of diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), an aminophospholipid (PN), two unknown glycolipids (GL1 and GL2) and an unknown phosphoglycolipid (PGL). DPG was the major polar lipid, as is the case for other genera of the family 'Paenibacillaceae' (Kämpfer et al., 2006) . PG is also present in those genera that contain glycolipids GL1 or GL2. In strain GR21
T , both unknown glycolipids were present. Strain GR21
T contains PN instead of phosphatidylethanolamine, which is found in other genera of the family 'Paenibacillaceae'. PGL is present in small amounts in strain GR21
T and has not been reported in the other genera of the family 'Paenibacillaceae'. Therefore, the polar lipid profile of strain GR21 T ( Supplementary Fig. S3 ) is clearly different from those of members of other genera of the family 'Paenibacillaceae' reported by Kämpfer et al. (2006) , supporting the affiliation of strain GR21
T to a new genus within the family 'Paenibacillaceae'. DNA for determination of the base composition was prepared according to Chun & Goodfellow (1995) . The G+C content of the DNA was determined using the thermal denaturation method (Mandel & Marmur, 1968) . The G+C content of strain GR21
T was 57.8 mol%.
The phenotypic characterization was performed according to the standard methods described by Claus & Berkeley (1986) and Logan & Berkeley (1984) and by using the API 20NE and API 20E systems (bioMérieux) according to the manufacturer's instructions. Amylases and cellulases were analysed as described previously (Rivas et al., 2003) . Growth was determined at temperatures ranging from 4 to 45 u C in YED medium (0.5 % yeast extract, 0.7 % glucose and 2 % agar). Growth at pH 5.7 and 6.8 was tested as described by Claus & Berkeley (1986) , growth at pH 7.0-8.0 was tested in YED medium containing 100 mM Na 2 HPO 4 /NaH 2 PO 4 and growth at pH 9.0-10.0 was tested in YED medium containing 100 mM NaHCO 3 /Na 2 CO 3 . The phenotypic characteristics are given in the genus and species descriptions. Differential characteristics with respect to the closest related genera are shown in Table 2 .
On the basis of phylogenetic, chemotaxonomic and phenotypic data, we propose that isolate GR21 T belongs to a new genus and species within the family 'Paenibacillaceae', for which the name Saccharibacillus sacchari gen. nov., sp. nov. is proposed.
Description of Saccharibacillus gen. nov.
Saccharibacillus (Sac.cha.ri.ba.cil9lus. N.L. n. Saccharum a botanical genus name; L. masc. n. bacillus a small staff or rod; N.L. masc. n. Saccharibacillus a small rod isolated from Saccharum officinarum, sugar cane).
Gram-variable, motile, rod-shaped bacteria. Round, nonornamented spores are formed in unswollen sporangia. Catalase-and oxidase-negative. Main menaquinone is MK-7. Predominant lipids are diphosphatidylglycerol, phosphatidylglycerol and an unknown aminophospholipid. In addition, two unknown glycolipids and an unknown phosphoglycolipid are present. The major fatty acids are anteiso-C 15 : 0 and C 16 : 0 . The type species is Saccharibacillus sacchari.
Description of Saccharibacillus sacchari sp. nov.
Saccharibacillus sacchari (sac9cha.ri. L. gen. n. sacchari of sugar, referring to the isolation source of the type strain, inner tissues of sugar cane).
Cells are 0.8-1 mm wide and 3-4 mm long. Motile by means of polar or subpolar flagella. Spores are formed in a central or subterminal position in cells. Aerobic or facultatively anaerobic and chemo-organotrophic. Colonies on TSA are circular with irregular borders, pale pink, not mucoid, opaque and usually 1-2 mm in diameter within 48 h at 28 u C. Growth occurs at 8-40 u C; optimal growth at 28 u C and pH 7. Acetoin is produced. Grows in the presence of 2 % NaCl. Nitrate is reduced to nitrite. Cellulases, xylanases and bgalactosidase are produced actively, but amylases, gelatinase, caseinase, arginine dihydrolase, indole, lysine decarboxylase, ornithine decarboxylase, urease, tryptophan deaminase, phenylalanine deaminase and hydrogen sulfide are not produced. Aesculin is hydrolysed. Acid but not gas is produced from D-glucose. D-Glucose, mannose, maltose, mannitol and gluconate are used as carbon sources. Table 2 . Differential characteristics between strain GR21 T (Saccharibacillus sacchari gen. nov., sp. nov.) and phylogenetically related genera from the family 'Paenibacillaceae' Data for Paenibacillus were compiled in this study from those recorded for the closest species to strain GR21 T , P. xylanilyticus, P. sepulcri, P.
massiliensis and P. chitinolyticus, which are basically in agreement with those reported for the genus Paenibacillus by Shida et al. (1997) . Data for Cohnella were taken from Teng et al. (2003) , Kämpfer et al. (2006) and Cho et al. (2007) and data for Thermobacillus were taken from Touzel et al. (2000) and Watanabe et al. (2007) . +, Positive; 2, negative; V, variable; ND, no data available. 
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